It has long been felt that meconium-stained amniotic fluid (MSAF) can be associated with adverse fetal outcome at term. Studies have suggested that at term, meconium, especially in conjunction with an abnormal fetal heart rate tracing, is predictive of fetal acidosis and poor neonatal outcome. 1 ± 7 However, very little information is available on the incidence or significance of meconium in the preterm population. 8, 9 Many clinicians have assumed that antenatal meconium passage does not occur in the preterm infant. Although peristalsis begins in the human fetus at 11 to 12 weeks, both intrinsic and extrinsic innervation of the bowel is immature in premature infants. 10 However, motilin has been found to be present in the circulation of premature fetuses. 11 Despite this evidence that the preterm fetus is also at risk of meconium exposure, studies assessing its significance have documented its occurrence only infrequently. A recent study 12 suggested preterm infants who pass meconium during labor are at increased risk for cerebral palsy. The reasons for this remain unclear. There have been no studies thus far assessing whether the passage of meconium by the preterm fetus is associated with acidosis.
The objective of the study was twofold. First, to determine the incidence of MSAF in preterm deliveries and second, to determine if the passage of meconium was associated with fetal acidosis or adverse immediate neonatal outcome. We hypothesized that the passage of meconium by preterm infants during labor is associated with fetal acidosis.
METHODS
All patient data was retrieved from the obstetrical database at the Ottawa General Hospital, a tertiary care facility. Antepartum information is entered when the patient is admitted. Intrapartum and postpartum information are entered during labor and delivery. The database also contains the patient's medical record.
The study period was from June 1994 to September 1997. During this period there were 9570 deliveries. All deliveries before 37 completed weeks were included in the assessment. Gestational age was determined by a certain last menstrual period or, if unavailable or uncertain, ultrasound before 20 weeks' gestational age. Subjects were then excluded if there was a multiple gestation, a nonvertex presentation, maternal medical complications, or if there were congenital anomalies in the fetus.
Subjects were classified dichotomously as presence or absence of meconium in the amniotic fluid. The nature of the meconium
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Numerous studies have assessed the significance of meconium -stained amniotic fluid ( MSAF ) at term. However, to date, there has been very little documentation on the incidence and significance of meconium in the preterm population. Our objective was to define the incidence of MSAF in patients delivering prematurely ( < 37 weeks ) and examine its association with underlying fetal acidosis, Apgars and admission to the neonatal intensive care unit ( NICU ) .
METHOD:
All patients delivering at a single tertiary care center between June 1994 and September 1997 were reviewed for the presence of meconium and gestational age < 37 weeks at delivery. Maternal demographics and birth outcomes including cord gases, Apgar scores and admission to the NICU were collected. Exclusion criteria included multiple gestations, breech presentations, fetal anomalies and patients not in labor.
RESULTS:
Out of a total of 9570 patients there were 506 ( 5.3% ) preterm births meeting the inclusion criteria, of whom 24 ( 4.8% ) had MSAF noted either during labor or at delivery. Comparing the preterm group with and without meconium, there were no differences in maternal age, gravidity, rate of Cesarean section, or gestational age at delivery. Cord pH ( 7.27 meconium vs. 7.29 no meconium ) and base excess ( À 5.1 meconium vs. À 4.0 no meconium ) were similar in both groups. There were no clinically significant differences in mean Apgar scores at 1 and 5 minutes. However, an increased number of NICU admissions were noted in the group with meconium ( 75% vs. 53%, p = 0.04 ) .
CONCLUSION:
The incidence of meconium staining of the amniotic fluid in labor in the preterm population is less than 5% and by itself is not a significant marker of fetal acidosis. Journal of Perinatology 2001; 21:174 ± 177.
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(thick versus thin) was not available. Meconium was identified either at the first examination, during membrane rupture or during the course of labor. Cord gases were drawn on all neonates. Samples were drawn from the umbilical artery shortly after birth and transported on ice immediately to the lab for blood gas analysis. Either the resuscitation nurse or the attending neonatologist assigned Apgar scores.
The primary outcome was umbilical artery cord pH. Baseline characteristics were compared between the two groups. Neonatal outcomes of interest were umbilical artery pH, base excess, the proportion of neonates with a pH less than 7.10, the proportion of neonates with a pH less than 7.0, Apgar scores at 1 and 5 minutes and admission to the neonatal intensive care unit (NICU).
Statistical analysis was with SPSS V8.0 (SPSS Chicago, IL). Significance was established at a p value less than 0.05. Continuous variables were compared with the Student t-test, ordinal variables were compared with the Mann-Whitney U-test and dichotomous variables were compared with the chi-square test. The Fisher exact test was used in place of the chi-square where appropriate.
RESULTS
A total of 9570 patients delivered at the Ottawa Hospital-General Campus from June 1994 to September 1997. Of these, 506 women delivered before 37 completed weeks (5.3% of total) and fulfilled the inclusion and exclusion criteria. Data was available for analysis on 505 of these women. Twenty-four (4.8%) were noted to have MSAF during labor or at the time of delivery. These women were then compared to the remaining 481 women who had clear amniotic fluid (CAF). There was no difference in maternal age, gravidity or gestational age at the time of delivery nor was there a significant difference in the number of nulliparous women ( Table 1 ). The rate of delivery by Cesarean section was similar in both groups.
Perinatal outcomes are described in Table 2 . Mean birth weights were similar in both groups and there was no difference in cord pH between the two groups (7.27 vs. 7.29). When the groups were examined to determine if more infants with MSAF had a cord pH less than 7.0, it was found that 1% (4/481) of those without MSAF did have a pH less than 7.0 compared to none (0/24) with MSAF. There was no difference in base excess ( À5.1 in the meconium group and À4.0 in the CAF group). Although Apgar scores at 1 minute were statistically different, mean 1-minute Apgar scores were not clinically different (7.2 for CAF group vs. 6.0 in the MSAF group). Similarly, the 5-minute Apgar scores were statistically different; however, both groups had a mean 5-minute Apgar greater than 7 making this difference not clinically significant. (8.4 in CAF vs. 7.7 in MSAF). There were no neonatal deaths.
More neonates who passed meconium during labor were admitted to the NICU (18/24, 75%) when compared to those without meconium (255/478, 53%), although there were no cases of meconium aspiration syndrome. Data were not available for four patients without MSAF. With 24 cases and 481 control we had a power greater than 90% to detect a difference of 0.06 difference in umbilical artery pH between the groups. This calculation assumed an alpha error of 0.05 and standard deviation in pH of 0.10.
DISCUSSION
The significance of MSAF has long been debated. In general, studies have assessed the outcome of term pregnancies. Many have shown an association between the presence of meconium and adverse neonatal outcome whereas others have not. Miller et al. 13 assessed 366 term deliveries and determined that the incidence of meconium staining was 29%. They found that in the absence of other signs of fetal distress (late decelerations in the fetal heart rate for example) the presence of meconium did not influence neonatal outcome as assessed by measuring scalp pH in labor and arterial blood gases at birth. Similarly, Yeomans et al. 14 assessed 323 term infants with meconium present during labor. Although 21% of fetuses had a cord pH less than 7.20, only 2% had a pH of less than 7.10 and none were less than 7.0. They concluded that meconium alone is a poor marker for prenatal asphyxia. Dijxhoorn et al. 15 studied 805 term infants and found that there was no significant relationship between the presence of meconium in the amniotic fluid and neonatal neurologic examination.
Numerous other studies have, however, suggested that MSAF at term is clinically significant. Berkus et al. 1 studied 484 term deliveries complicated by meconium staining and found that the presence of thick meconium significantly increased the risk of intrapartum complications including an abnormal fetal heart rate tracing, increased Cesarean section rate and lower umbilical artery pH. also demonstrated that there was an increase in severe fetal acidemia (pH<7.0), Cesarean section rate and perinatal mortality when meconium staining was present. This study was the largest, including 8136 women (19% of all women delivering at their hospital) with MSAF.
These conflicting reports regarding the significance of the passage of meconium may be due to the fact that the pathogenesis of the fetal and neonatal morbidity is multifactorial. There are two main theories on the etiology of for the passage of meconium. 10 First, it is thought by many to be a normal maturational event. As the fetus matures, it becomes more responsive to exogenous stimuli. The second theory suggests that meconium passage is in response to fetal hypoxia or``distress.'' Regardless of the initiating event (hypoxic insult or normal maturation of the intestinal tract), exposure of the umbilical vessels to meconium may result in further hypoxia. Pathologic evaluation of the umbilical vessels suggests that meconium induces vasoconstriction with resultant fetal hypoperfusion. 16 Prolonged exposure may eventually lead to vascular necrosis. Ritchey et al. 17 attempted to correlate markers for acute and chronic asphyxia with MSAF and found that there was no correlation with markers for acute asphyxia (hypoxathine and lactate); however, there was a correlation with newborn levels of erythropoietin, a marker for chronic hypoxia.
Studies on preterm deliveries complicated by meconium staining are few. Steer et al. 4 studied 29 patients who delivered prematurely, only one of whom had meconium staining of the amniotic fluid (3.4%). Obviously, the very small sample size limits the possibility of drawing important conclusions.
Mazor et al. 8 performed amniocentesis on women admitted in preterm labor (gestational age less than 36 weeks) all of whom had intact membranes. He compared those with MSAF to controls with CAF. Of those who underwent amniocentesis, MSAF was observed in 5% of the patients. Thirty-eight percent of those with MSAF had positive amniotic fluid cultures compared to 11% in the CAF group. Allen 9 also evaluated the significance of MSAF when he studied women who underwent midtrimester amniocentesis. Meconium staining was present in 1.67% of 4709 consecutive amniocenteses with an associated mortality of 5.06%. Unfortunately, specimens that appeared``brown'' or``blood tinged'' were excluded and therefore not all samples were examined in a consistent fashion. However, it is clear from these results that the passage of meconium is likely to occur in preterm infants.
Only one study so far specifically commented on the consequences of meconium in the preterm population. Spinillo et al. 12 collected data on 404 preterm deliveries (24 to 33 completed weeks). Of these, 20 had MSAF. Three hundred and forty-five survivors underwent neurodevelopmental testing. It was found that 41% of infants with meconium-stained fluid developed cerebral palsy compared with 13.4% of those with CAF when gestational age and gender were controlled. No information was provided regarding cord pH or base excess nor was there any assessment of chorioamnionitis as a possible association.
We found that the incidence of MSAF in preterm deliveries was 4.7%. The incidence of fetal acidosis was not significantly different in the meconium-stained group when compared to the CAF group. It may be that these infants are subjected to an insult earlier in the pregnancy, or in the early stages of labor, which results in the passage of meconium without significantly altering the umbilical artery pH at birth. It may also be that the insult took place before labor, resulting in an alteration in fetal pH, which subsequently normalized. Chronic hypoxia may also be a factor. This hypothesis is supported by Richey et al. 17 who was able to document a marker for chronic hypoxia (erythropoietin) but not for acute hypoxia in infants with MSAF.
There were significantly more admissions to the NICU in the MSAF group (75% vs. 53%, p=0.04). This may be explained by physician concern regarding possible meconium aspiration syndrome. It could also be that infants requiring vigorous suctioning at birth require more supplemental oxygen occasionally necessitating admission to the NICU. Finally, there may have been concern on the part of the attending physician that the presence of meconium in association with prematurity was a worrisome sign and warranted close observation. There was no significant difference in gestational age or birth weight to explain the admissions to NICU. Unfortunately follow up data on all infants following discharge is not available.
In conclusion, our findings confirm that the incidence of MSAF in preterm deliveries is relatively low (4.8%). There is no evidence that the presence of meconium is a marker for acute hypoxia because there was no significant difference in cord pH or base excess. However, it may indicate an earlier hypoxic event and therefore warrants close surveillance both intrapartum and in the neonatal period. The possible association between infection, preterm labor and MSAF deserves further investigation in a prospective fashion. Certainly, detailed pathologic examination of the placenta, in future studies, would provide very useful information potentially relating to the etiology of meconium production in the preterm fetus.
